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POST–RADICAL PROSTATECTOMY ERECTILE DYSFUNCTION

A Review of Surgical Techniques
for Radical Prostatectomy
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Since the early 20th century, radical prostatectomy has been used in the
treatment of prostate cancer. However, before the widespread acceptance of
prostate-specific antigen screening, the majority of cancers were clinically
advanced and not amenable to cure, so relatively few men were candidates for
this procedure. Modern advances have contributed dramatically to the reduc-
tion of complications and morbidity associated with radical prostatectomy.
As a result, the procedure has become the most common treatment selected
by men with localized prostate cancer. This article reviews several issues re-
garding radical prostatectomy, including surgical techniques, cancer control,
intraoperative localization of the cavernous nerves, patient selection, and
laparoscopic versus robotic approaches.
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Radical perineal prostatectomy was first described by Hugh Hampton Young1

in 1905 for the treatment of prostate cancer. In 1947, Millin2 described a
retropubic approach for radical prostatectomy. Historically, both radical

retropubic prostatectomy and radical perineal prostatectomy were associated with
significant intraoperative and postoperative morbidity.3 Major complications in-
cluded rectal injury, ureteral injury, massive hemorrhage, pulmonary embolus,
anastomotic leaks, lymphoceles, wound infections, and incontinence. Virtually all
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men were rendered impotent. There-
fore, many potential surgical candi-
dates opted for radiation therapy
introduced because of the lower risk
of erectile dysfunction.

The advantage of the retropubic
approach was the ability to perform
a simultaneous staging pelvic
lymphadenectomy through a single
lower-abdominal incision. In addition,
urologists were generally more famil-
iar with the retropubic approach. The
primary disadvantage of a retropubic
approach was that significant bleed-
ing was often encountered while at-
tempting to control the dorsal venous
complex.4 The dorsal venous complex
is not encountered during perineal
dissection because the mobilization of

localized disease.8 This has greatly
increased the demand for radical
prostatectomy. Advances in surgical
technique, anesthetic agents, intraop-
erative monitoring, and greater case
volumes have contributed to dramati-
cally decreasing complications and
morbidity associated with the proce-
dure. In 2004, radical prostatectomy
will represent the most common treat-
ment selected by men with localized
prostate cancer.

Development of the Anatomic
Nerve-Sparing Radical
Retropubic Prostatectomy
In 1979, Reiner and Walsh5 described
a technique for controlling the dor-
sal venous complex during radical

coursed along the prostate and ulti-
mately innervated the corpus caver-
nosum.9 He hypothesized that these
nerves were likely injured during radi-
cal prostatectomy, possibly resulting in
erectile dysfunction.

Upon returning to the United States,
Walsh challenged the author to iden-
tify the precise pathway of the cav-
ernous nerves in the human. In 1981,
an autopsy specimen was obtained
from a male that included the prostate
and adjacent soft tissues.10 A cross-
section of this autopsy specimen
suggested that the autonomic innerva-
tion to the penis courses posterolateral
to the prostate (Figure 1). These nerves
are located outside the prostatic cap-
sule and within the visceral layer of
the pelvic fascia. Walsh proposed that
the neural innervation to the corpus
cavernosum could be preserved during
radical retropubic prostatectomy with-
out entering the prostatic capsule.
Walsh and colleagues10 reported his
initial results of the nerve-sparing
radical prostatectomy, confirming that
preservation of the cavernous nerves
and of potency could be achieved
without compromising cancer control.

In 1983, the author identified a
human male cadaver that was
perfused with Bouin’s solution shortly
after death.11 The penis, prostate,

PSA screening has resulted in a dramatic stage migration, favoring the de-
tection of localized disease.

Walsh responded to critics with a compelling comparative pathologic study
demonstrating that more prostatic soft tissue was removed during a nerve-
sparing radical retropubic prostatectomy than with a standard radical per-
ineal prostatectomy.

retropubic prostatectomy. This ad-
vancement in surgical technique
provided the opportunity to perform
radical retropubic prostatectomy in a
relatively bloodless surgical field. Ul-
timately, this modification of surgical
technique would prove to be essential
for developing the anatomic nerve-
sparing radical prostatectomy.

Two years after reporting the tech-
nique for controlling the dorsal venous
complex, Walsh visited the laboratory
of Peter Donker, who was performing
dissections in the human fetus in order
to gain insights into the continence
mechanism. Walsh observed nerves
emanating from the pelvic plexus that

bladder, rectum, and adjacent soft tis-
sue were removed en bloc. Working in
collaboration with Dr. Fathollah
Mostolfi of the Armed Forces Institute
of Pathology, the specimen was seri-
ally step-sectioned using a specialized
dermatome. Every tenth step-section
was stained with hematoxylin and

the prostate is performed entirely
within the endopelvic fascia. 

In 1979, Reiner and Walsh5 de-
scribed the anatomy of the dorsal ve-
nous complex and a technique for its
early ligation during radical retropu-
bic prostatectomy. This maneuver
greatly reduced blood loss during rad-
ical retropubic prostatectomy and
allowed for the dissection of the
prostate to be performed in a rela-
tively bloodless surgical field. 

Before the widespread acceptance
of prostate-specific antigen (PSA)
screening for prostate cancer, the
overwhelming majority of diagnosed
prostate cancers were clinically ad-
vanced and not amenable to cure.6

Therefore, relatively few men were
candidates for a radical prostatectomy.
Jewett, one of the renowned prostate
cancer surgeons of his time, performed
only 160 radical prostatectomies be-
tween 1951 and 1963.7 PSA screening
has resulted in a dramatic stage
migration, favoring the detection of
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eosin and an anastomotic three-
dimensional reconstruction was per-
formed.11 The precise pathway of the
cavernous nerves and its relationship
to the pelvic viscera and fascia were
delineated. The precise pathway of the
cavernous nerves allowed for further
refinements of the surgical technique
designed to preserve these nerves dur-
ing radical retropubic prostatectomy. 

Does the Nerve-Sparing
Technique Compromise
Cancer Control?
Several skeptics of the Walsh anatomic
nerve-sparing radical retropubic
prostatectomy referred to the proce-
dure as “cancer-sparing” surgery.
Walsh responded to these critics with a
compelling comparative pathologic
study demonstrating that more prosta-
tic soft tissue was removed during a
nerve-sparing radical retropubic
prostatectomy than with a standard
radical perineal prostatectomy.10 Wider
surgical margins are achieved with the
nerve-sparing radical retropubic

prostatectomy because the perineal
dissection is performed completely
within the lateral pelvic fascia. Eggle-
ston and associates12 subsequently
examined 100 surgical specimens ob-
tained during nerve-sparing radical
prostatectomy and demonstrated that
there were no cases without seminal
vesicle invasion that had isolated pos-
itive margins at the site of the neu-
rovascular bundle. These rigorous,
pathologic studies silenced the critics
claiming that nerve-sparing surgery
compromised cancer control.

Selecting Candidates for
Nerve-Sparing Surgery
The goal of nerve-sparing radical
retropubic prostatectomy is to maxi-
mally preserve neurovascular bundles
without compromising cancer control.
When is it appropriate to perform
nerve-sparing versus wide excision of
the neurovascular bundle? 

Pettus and coworkers13 reviewed
the Mayo Clinic experience suggesting
that in men with extracapsular

extension, nerve-sparing status was
not predictive of margin status. This
study may be interpreted to suggest
that the Mayo surgeons were instinc-
tively properly selecting candidates for
nerve-sparing surgery or that wide
excision of the neurovascular bundle
does not improve margin status. Al-
though I believe the former is the case,
the question remains unanswered by
this study. The authors did not estab-
lish prospective criteria for preserving
the neurovascular bundles, so the re-
view provides no insight into when it
is appropriate to spare the nerves.

It is reasonable to assume that in
men with macroscopic extracapsular
extension, the nerve-sparing tech-
nique compromises cancer control.
The likelihood of extracapsular exten-
sion is related to Gleason score, tumor
volume, and perineural invasion in
the biopsy specimen.14-17 Shah and
colleagues18 reported an algorithm for
guiding surgeons on when it is appro-
priate to deliberately widely excise the
neurovascular bundle based on these
predictive factors of extracapsular ex-
tension. The ipsilateral neurovascular
bundles were excised for Gleason
score 6 cancers with both perineural
invasion and � 50% of the biopsy
specimen involved with cancer. The
ipsilateral neurovascular bundles were
excised for Gleason 7 cancers with
perineural invasion or � 30% of the
biopsy specimen involved with the
tumor and for Gleason 8 cancers with
perineural invasion or � 10% of the
biopsy specimen involved with the
tumor (Figure 2). Using this algorithm,
the investigators decreased positive
surgical margins from 14% to 8%
while increasing the proportion of
nerves spared from 85% to 92%.

Surgical Technique
At the level of the prostate, the auto-
nomic innervation to the prostate and
penis is not a single nerve but rather
a neurovascular bundle comprising
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Figure 1. Cross-section of an adult prostate demonstrating the anatomic relationships between the lateral pelvic
fascia, Denonvilliers’ fascia, and the neurovascular bundle. From Walsh PC et al.10 © 1983 Alan R. Liss, Inc.
Reprinted with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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many microscopic nerve branches (Fig-
ure 3). Therefore, meticulous hemosta-
sis facilitates identification of anatomic
landmarks that allow for preservation
of the neurovascular bundle because
the actual nerve is not visible. We have
previously reported our technique for
radical retropubic prostatectomy.19

Control of the dorsal venous complex
involves both proximal and distal su-
ture ligation before dividing the struc-
ture. After controlling the dorsal venous
complex, the anterior component of
the prostatourethral junction is sharply
incised. The tissue immediately lateral
to the prostatovesical junction should
not be disturbed because this is the lo-
cation of the neurovascular bundle as
it courses through the membranous

Gleason 8–10

Excise ipsilateral NVB if:

Gleason 2–6 Gleason 7

>50% tumor
volume and

PNI

>30% tumor
volume

PNI

or

PNI
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Figure 2. New York University nerve-sparing algorithm based on Gleason score, percent tumor volume, and evi-
dence of perineural invasion (PNI) in biopsy specimens. The algorithm for decision regarding wide excision versus
preservation of the neurovascular bundles (NVB) is presented. Reprinted with permission from Shah O et al.18
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Figure 3. Representative tissue section showing location of neurovascular bundle in relationship to midportion of prostate. Reprinted with permission from Lepor H et al.11
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urethra. Six anastomotic sutures are
positioned into the urethra, with metic-
ulous care taken not to entrap the ad-
jacent nerve, which is located at the 3
and 9 o’clock positions. The posterior
urethra is then sharply divided. The an-
terior layer of Denonvilliers’ fascia
overlying the rectum is sharply incised,
and the prostate is bluntly mobilized
off the rectum in the midline. The vis-
ceral layer of the endopelvic fascia
overlying the prostate and neurovascu-
lar bundle can be incised using 2 dif-
ferent techniques. In the absence of
significant biopsy artifact, dense adhe-
sions, or a large apical tumor, I prefer
to incise the fascia beginning at the
apex. The visceral layer of the en-
dopelvic fascia can be incised begin-
ning at the bladder neck in the pres-
ence of significant apical adhesions or
a large apical tumor. In cases of low-
volume, low-grade disease, the fascia is
divided anteriorly on the prostate.

After incising the lateral pelvic fas-
cia, a finger is insinuated in the mid-
line and the prostate is retracted medi-
ally as the neurovascular bundle is
sharply and bluntly mobilized off the
prostate. Surgical clips or sutures are
not routinely used until the prostatic
pedicle is encountered. Specific arterial
bleeders are controlled with ligature
clips. The Denonvilliers’ fascia overly-
ing the seminal vesicles and vas defer-
ens is incised, and the rectum is mobi-
lized off these structures. The pedicle
to the prostate is divided beginning at
the lateral margin of the seminal vesi-
cle, staying close but not entering the
prostate. The surgical specimen is in-
spected to ensure that the prostate has
not been inadvertently incised. In
cases in which the dissection is felt to
be too close to the prostate, additional
soft tissue may be excised. 

Intraoperative Localization
of the Cavernous Nerves
The autonomic nerves innervating the
prostate course posterolateral to the

prostate (Figure 4). These nerves typi-
cally cannot be visualized, even with
the magnification provided by an
intraoperative microscope. The nerves
are preserved by carefully dividing
the prostatourethral junction and per-
forming the dissection in very close
proximity to the prostate.

The CaverMapTM (Blue Torch Med-
ical Technologies, Inc., Ashland, MA)
is a device that was designed to aid the
surgeon in identifying the precise
localization of the cavernous nerves
intraoperatively.20 The device consists

of a hand-held nerve stimulator
and a ringlike tumescence-monitoring
gauge, which is positioned at the base
of the penis and is very sensitive to
changes in the circumference of the
penis. A recorder monitors changes in
the circumference of the penis in re-
sponse to an electrical current deliv-
ered by the handset. I was 1 of the 5
investigators who studied the utility of
the CaverMap device in the United
States.21

One of the primary limitations of
the hand-held nerve stimulator is its
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Figure 4. Anatomic reconstruction of prostate, ejaculatory ducts, pelvic sidewall fascia, bladder, urethra, rectum,
and neurovascular structures. Reprinted with permission from Lepor H et al.11
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Nerves during open radical prosta-
tectomy may be traumatized as a
result of traction. This traction is
minimized during laparoscopic
approaches. The potential problems
attributable to traction on the cav-
ernous nerves are only theoretic.

Thus, there is no compelling theo-
retic or clinical evidence that laparo-
scopic techniques with or without
robotic assistance represent any ad-
vantage for preserving potency during
radical prostatectomy. The claim of
superiority by open or laparoscopic
surgeons must ultimately be based on
prospective and unbiased outcome
studies using similar outcome mea-
sures and definitions of potency.
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innervating the penis at an unneces-
sary risk for thermal injury.
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